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ABSTRACT OF THESIS ENTITLED 
Hong Kong air cargo industry faces great opportunities as well as challenges brought on 
by the innovations of IT and e-commerce. The development of new infrastructure is 
necessary, while many small-and-medium enterprises (SMEs) are not able to afford the 
vast amount of investment required. Hong Kong Government is initiating a third-party 
e-commerce logistics center, which allows the leasing of information infrastructure and 
physical facilities without acquirement of ownership. The Hong Kong Government, the 
Investors, and the Users play important roles in the development and operation of such a 
center. Their interests are quite different and sometimes conflicting. The success of the 
center depends on the commitment of the three parties. Its design must be agreeable to 
each of them. In this study, we evaluate the benefits, costs, and risks of the logistics 
center using a series of Analytic Hierarchy Process (AHP) and Analytic Network 
Process (ANP) models. It is shown that how decision-makers can use these models to 
examine the risk-sharing problem and to determine an agreeable solution. 
(Key words: Third-party logistics center, E-commerce, infrastructure project, benefit-
cost-risk analysis, AHP, ANP) 
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案。在本文中，我們建立了一系列層階分析法（Analytic Hierarchy Process)和網 
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A third-party e-commerce logistics center can enhance the competitiveness of Hong 
Kong air cargo industry, especially in the era of IT and e-commerce. The Government, 
Investors, and Users are major parties involved in development and operation of such a 
center. Each party has its own set of benefits, costs, and risks. It is a challenging task to 
select a design agreeable to all three parties. In this study, we provide a series of AHP 
and ANP models to evaluate possible center designs for individual parties, as well as a 
solution procedure to resolve the conflicting choices of different parties. 
1.1 A Third-party E-commerce Logistics Center in Need 
Hong Kong is a major air cargo hub in Asia and the gateway of Mainland China. 
Its air cargo industry is a pillar of local economy. The industry becomes increasingly 
important, because logistics excellence is a key to successful e-commerce. 
Globalization makes international companies outsource their logistics activities to third-
party logistics service providers (3PLs). Many companies seek logistics services in 
Hong Kong, in order to benefit from the continuing growth of China economy. 
Meanwhile, Hong Kong air cargo industry is facing serious challenges from several 
regional competitors, such as Guangzhou, Shanghai, Korea, and Singapore. To maintain 
its competency, the industry needs improvement on its information infrastructure and 
physical facilities. 
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The acquisition of new infrastructure requires a vast amount of capital expenditure. 
Hong Kong air cargo industry comprises of many small-and-medium enterprises (SMEs), 
which are not likely to be able to afford the expenditure. Moreover, the companies that 
established their own IT infrastructures are encountering problems in integrating their 
systems with those of their partners. Their benefits from IT and e-commerce are limited. 
The Hong Kong Government is initiating a third-party e-commerce logistics center, 
which allows the leasing of information infrastructure and physical facilities. Logistics 
agents, shippers, and consignees may use the infrastructures without acquisition of 
ownership. The center provides e-commerce standards and platforms for transactions 
throughout air cargo process. The users attain IT and e-commerce capability without 
capital investment. They also avoid substantial costs in daily operations such as 
negotiation and system maintenance. Moreover, the center can become the authority for 
air cargo e-market, because of its neutral position. 
1.2 Difficulty in Designing the Logistics Center 
Vast costs as well as risks are involved in infrastructure project such as the logistics 
center. The Government, Investors, and Users are major parties involved in the 
development and operation of the center. It is very important to select a center design 
agreeable to all three parties. 
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There are many various center designs with selective features of information 
infrastructure, physical infrastructure, and ownership arrangement. The designing 
problem is quite challenging, because it has the following characteristics: 
1. The desirability of certain center design relates to plenty of criterions in the 
fields of economy, technology, management, and regulation. Some criterions 
(e.g. employment and tax collection) are of very different natures. Some are 
tangible (e.g. revenue), while others are intangible (e.g. benefits of being a 
high-tech service economy). It is very difficult to incorporate all these 
objective and subjective information into an overall priority of center design. 
2. The center design must be agreeable to the Government, Investors, and Users, 
because their commitments are the preconditions of the success of the center. 
Each party has its own set of benefits, costs, and risks, which can be 
conflicting. Although one party has trade-offs between different attributes of 
its own interests, it is not likely to take concessions to the interests of other 
parties. No one party would like to assume the costs and risks alone. The 
decision-makers should take into account the risk-sharing problem between 
various parties, which is missing in the literature. 
1.3 AHP and ANP 
We use Analytic Hierarchy Process (AHP) and Analytic Network Process (ANP) to 
solve the problem. AHP (Saaty 1980) is a multi-criterion decision-making 
methodology. It organizes a complex problem into manageable parts in the form of a 
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hierarchy. The overall goal is usually at the top level, while the alternatives are at the 
bottom. Its rating system determines the relative weights of tangible and intangible 
attributes by pairwise comparisons. The overall goal has a global weight of one. The 
global weights of its sub-attributes are attainable by a multiplying and adding approach. 
Thus, the weights of attributes from the top to the bottom are synthesized into the 
priority weights of design alternatives with respect to the overall goal. 
ANP (Saaty 1996) is used, when we cannot formulate the problem in a hierarchy. 
As the generalization of AHP, ANP uses a network instead of a hierarchy to organize the 
attributes. Because the network is relatively flexible in representing various forms of 
dependencies between attributes, ANP can solve a wider range of problems than AHP 
does. 
There are several AHP and ANP models to evaluate the same set of alternatives in 
our problem. The models might give conflicting results. A conflict-resolving solution 
procedure is introduced. Firstly, we identify which performance measures are critical in 
determining the rankings of design alternatives using sensitivity analysis. Secondly, we 
improve the corresponding performance of a design by modifying its design feature. If 
the design attains satisfying priorities for every party, it is an agreeable solution of the 
problem. 
1.4 Scope of the Study 
In this study, we aim to provide a systematic approach that could be used to select 
an agreeable center design for all three parties. We identify and discuss the major 
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attributes of benefits, costs and risks for Government, Investors and Users. Based on the 
discussion, we introduce a series of benefit, cost, and risk models in the form of both 
AHP and ANP. They are used to evaluate different center designs. Then we introduce 
the solution methodologies to aggregate the benefits, costs, and risks of various parties 
as well as to converge the choices of various parties. Thus, we provides a framework 
and methodology to solve problems using AHP and ANP, which could handle the 
complexity of incorporating objective and subjective information, as well as examining 
risk sharing between several parties. 
1.5 Organization of the Thesis 
Chapter 2 discusses the business and academic backgrounds of the problem. 
Chapter 3 introduces the methodology of AHP at first. Then we discuss the 
benefits, costs and risks of Government, Investors and Users individually. A series of 
benefit, cost, and risk AHP models are given. 
Chapter 4 introduces the solution methodology to aggregate benefits, costs, and 
risks into overall priority weights of design alternatives, as well as to converge 
conflicting choices of the three parties. A numerical example is given for illustration. 
Chapter 5 formulates the problem using ANP instead of AHP. The methodology of 
ANP and its difference from AHP are described at first. Then, we construct benefit, cost, 
and risk ANP models for each party, which are based on the preceding AHP models. 
5 
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Chapter 6 introduces the solution methodologies for ANP, which are the 
modifications of those in Chapter 4. The same example is used with necessary 
additional judgements. 




BACKGROUND AND LITERATURE REVIEW 
2.1 Third-party E-commerce Logistics Center 
A third-party service provider is defined as "any firm providing a good or service 
that is not owned by the purchaser of the good or service" (Stank and Maltz 1996). 
Using third-party services, companies can attain both strategic and tactical benefits 
(Quinn 1999). They can focus on their core competency and leave hard-to-manage 
activities to their partners with specialized capabilities. They can save capital 
expenditures on facilities and staff, at the same time reducing operation cost. 
Furthermore, they attain great flexibility to adapt to changes by sharing risks with their 
partners. 
A third-party logistics center provides the leasing of information infrastructure and 
all kinds of physical facilities without requirement of ownership. Shippers, consignees, 
and logistics agents, can use the infrastructures to conduct a wide range of logistics 
activities, from transportation services, warehouse services to information services. 
Besides the basic services such as inventory control and freight consolidation, they can 
also offer many value-added services including kitting, product assembly, carrier 
negotiation, network redesign, tracking and tracing, etc. 
The center manages and maintains information infrastructures and physical 
infrastructures for its users. It does not provide third-party logistics services directly. It 
is a fourth party, when it leases infrastructures to 3PLs. Connecting their information 
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systems to the center, the Users communicate and make transactions via the center's 
network. When they plan and conduct their logistics activities using the center, plenty 
of sensitive information is processed on its third party information infrastructures. 
Hence, the mutual trust and dependency between the center and its users is necessary for 
the center's success. The neutral position of the center is a sensitive issue in this 
consideration. 
2.2 Government, Investors, and Users 
The third-party logistics center is an infrastructure project, which requires vast and 
long-term investment. Its success depends on the commitment of the many parties 
involved in its development and operation. The interests of these parties might derive 
from very different sets of priorities. Their willingness and capacity to accept risk 
depends on not only the return rate of their investments in the project but also upon the 
legal, political, technical and economic environment in which they are operating 
(Chance 1991). 
The Government, Investors, and Users are the three most important parties involved 
in the third-party e-logistics center (Figure 1). Decision-makers must fully understand 
their roles, interests, and behaviors, in order to select a center design that satisfies all of 
them. 
The Hong Kong Government is interested in the third-party logistics center, for 
such a center helps to enhance Hong Kong's strategic position in the region. Although 
the Government is unlikely to have direct investment on the center, it plays an important 
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role in initiating and regulating the center as well as in safeguarding the interests of 
participants. It can guarantee the neutrality of the center, and release the Users' worries 
on security and neutrality issues. It may offer some type of concession or tax protection 
to encourage the Investors and Users. 
The Investors are external companies that will design, finance, build, and manage 
the center. They benefit from the center via direct monetary income as well as indirect 
interests such as growth potential or market share. 
The Users include shippers, buyers and all kinds of logistics agents, including 
forwarders, airlines, integrators, terminal operators, warehouse operators, distributors, 
ground carriers, etc. They use the information infrastructure to implement e-commerce, 
and use the physical facilities to conduct all kinds of logistics activities. Thus, they 
benefit form the center by effective planning and control of logistics activities as well as 
improved quality of their services. On the other side, they may face some problems 
brought on by the center, probably including a new competition structure. 
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2.3 Center Design 
Decision-makers must identify the key features of center design at first. Design 
alternatives are then derived from the combinations of various features. Information 
infrastructure determines the way that the Users make transaction with their partners, 
and to plan and control their logistics processes. Physical infrastructure determines the 
capacity and capability of the logistics facilities that the Users can lease to handle air 
cargo shipments. Ownership arrangement determines the roles and behaviours of 
Government, Investors, and Users in the center. Combination of selective features can 
differentiate a center design, and determines its desirability to the three parties. 
2.3.1 Information and Physical Infrastructure 
The features of information infrastructure and physical facilities determine the scale 
and scope of the services that the center provides. Since it is the era of IT and e-
commerce, the information infrastructure is the most attractive aspect of the center. 
Traditionally, the information flow in an air cargo shipment is long and segregated 
through many intermediaries. The handling of information is slow, expensive, and full 
of human error. One company usually works with a small number of partners that they 
are familiar with, and various partners have few integration (Reinheimer and Bodendorf 
1999). As a result, the actual time aboard on a plane comprises only 8% of the total 
shipping time, while demurrage comprises 80% (Alt and Cathomen 1995). The 
potential for improvement is substantial. 
Using the latest IT and business-model, the third-party information infrastructure 
helps to improve the integration level of information flow. Partners share their 
11 
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information and cooperate effectively, as if it were an integrator's internal process. 
Moreover, new customers or partners are easy to access. Leung, Cheung, and Hui 
(2000) discussed that a third-party e-commerce community network enables the air 
cargo industry to provide customized services at mass production cost (Figure 2). 
Various agents make transactions online and engage in logistics integration. It is the e-
commerce at the industry level. 
The feature of physical infrastructure defines the scale and content of the physical 
facilities that the Users can lease. Using third-party facilities gives the Users great 
flexibility. We should be careful to select the scale of center, because it is very 
expensive to change after the center is constructed. Automation level of the facilities is 
another important feature. Highly automated facilities save spaces and labours, and 
improve the service standard by reducing human variation and error. 
The features of information infrastructure and physical facilities have 
interrelationships. For example, the benefit of an automated warehouse system cannot 
be realized if we handle all the information on paper. 
2.3.2 Ownership Arrangement 
The success of the third-party logistics center needs the commitment of 
Government, Investors, and Users. Ownership arrangement is a determinate element in 
their partnership. The form of ownership not only decides the allocation of interests and 
control-powers among different parties, but also affects their incentives and behaviors, 
which in turn changes the overall performance of the center. Government-owned 
company, service and management contract, leases and concession contract, BOT， 
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BOOT, BOO, private company, joint venture are common options for public-private 
partnerships (PPP) in infrastructure projects (Gresham and Slaudeman 2000). Table 1 
lists their brief descriptions. 
Table 1. Options for Public-Private Partnership in Large Projects 
Option Brief Description 
Government-Owned ‘ , . . . , , . . 
Company government owns and manages the third-party logistics center. 
Service and The government owns the third-party logistics center, but contracts out the 
Management Contract service and management of the center to private companies. Thus,  
government can improve the efficiency while still having the ownership. 
Leases and Concession 八 private consortium assumes responsibility for operations. Their 
Contract compensation is expected to provide a reasonable return on their investments, 
while part of the revenue might be remitted to the Government. 
BOT (Build Operate 
Transfer); Private investors build the third-party logistics center and operate it for a pre-
/D determined period to cover their costs. After that, they should transfer the 
BOOT (Build Own assets to the public authority. 
Operate Transfer) 
BOO (Build Own Private investors do not transfer the assets to the public authority in the end.  
Operate) They still have some tight arrangement with the government. 
Private Company Private investors assume all commercial and performance risks as well as the  
ongoing costs of capital investments. 
Joint Venture Both private and government investors can buy equity of the company. 
2.3.3 Design Alternatives 
There are a plenty of design alternatives with selective design features, from 
various integration level of information infrastructure to the different capacity levels of 
physical facilities to the different ownership designs of the center (Figure 3). Table 2 
lists some real-life examples of third-party logistics centers. The desirability of these 
designs is determined by their benefits, costs, and risks to the Government, Investors, 
and Users. It is important to select "correct" design alternatives for evaluation at the 
beginning, because these designs are the basis of the final solution. Their features 
should be typical and diversified, and the decision-makers could explore most potential 
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agreeable solutions by modifying the designs in acceptable ranges. Even if no feasible 
solution is derivable from the original design alternatives, we still attain precious 
insights that what kinds of alternatives are likely to satisfy all three parties. New set of 
alternatives can be introduced for evaluation. 
For example, Design A is a joint venture. Its physical infrastructure is large, but its 
information system only lets the Users to post and search shipment information. Design 
B is a private center with sophisticated information infrastructure but limited physical 
facilities. Design B seems to bring on more benefits than Design A does. However, the 
Users may be worried that once the e-logistics center becomes the central market of air 
cargo shipments, the private investors will adopt new pricing policy without consulting 
them. It is difficult to judge whether the benefit of the Users is worthy of taking the risk. 
In addition, the Users may require a management arrangement that promises the 
stability of pricing for Design B. It increases the risk of Investors, because they lose the 
flexibility to adapt their pricing policy to market. Meanwhile, if the Investors refused 
the arrangement, they have a major risk that the center does not have enough customers. 
When more criterions and more parties are taken into account, the complexity of the 
problem increases exponentially. It is necessary for the decision-makers to adopt some 
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Table 2. Some Third-Party Logistics Centers in Real Life 
Center Location Ownership Information and Physical 
Arrangement Infrastructures 
Alliance Fort Worth, Completely owned by a A multifaceted complex accommodates 
Industrial Texas, private investors. industrial, distribution, office, research and 
Park USA. development, and retail business uses. The 
U.S. Customs Service office at the center can 
clear international cargo in minutes. A new 
world trade center facility will house freight 
forwarders, customs brokers, and other 
international service companies. 
Global One hour Government provides The information infrastructure provides 
Trans away from the planning, international telecommunications links, an 
Park the ports of infrastructure and EDI system, satellite connections, an internal 
Wilmington institutional framework freight-tracking system, and a connection to 
and while private industry the national fiber-optic network that will 
Morehead handles investment and provide tenants with access to a variety of 
City, N.C. , development. communications technologies. The 15,300-
in the town acre industrial center and transportation 
of Kinston, complex contains a Customs Clearance Center 
USA. and a central cargo-processing center with 
advanced materials-handling technologies and 
facilities. A sophisticated internal cargo-
transportation system shuttles cargo between  
tenants and the central processing center. 
Kelly Air Close to The city of San Antonio, The center offers two million feet of 
Force Mexico's in partnership with the warehouse space, a number of buildings with 
Base industry U.S. Department of additional loading dock bays, and updated 
heartland. Defense, is promoting electrical systems. A new trailer storage lot 
In San the Air Force Base as a designed for high-volume trucking operations 
Antonio, logistics center. and on-site Customs brokerage services are 
Texas, available.  
USA.  
Taisugar Located in Planned and invested by Modem information technology is used in 
Logistics the Cheng China President daily management of the park. Value-added 
Park Kung Logistics (CPL), Inc. on services include real-time inventory and order 
(TLP) District of the land owned by state- information inquiry and historical analysis. 
Kaohsiung owned Taiwan Sugar The system enables easy access via dial-up or 
by the Port Company (TSC). TSC LAN, data exchange via Internet and EDI, and 
of leases the park from self-managed customs operation. 
Kaohsiung, CPL and then hires CPL Total Area of the park is 83,755 m l Services 
Taiwan. to operate the park. The include warehouse operation, processing, 
partnership is founded delivery service and rental 
on an eighteen-year  
contract. 
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2.4 Evaluating Design Alternatives 
There are many decision-making methodologies to evaluate alternatives in similar 
design problem. AHP is a popular multi-criterion decision-making methodology 
developed by Saaty (1980) to solve problems of a wide range. It can be applied to 
various contexts, from selecting a school to planning transport system for developing 
country (Saaty 1980; Saaty and Vargas 1991). It is proved to be a powerful tool in 
solving socio-economic problems where qualitative factors have significant impact on 
the decision (Chan and Lynn 1993). AHP "formalizes and makes systematic what is 
largely a subjective decision process and thereby facilitates 'accurate' judgments" 
(Narasimhan 1983). In addition, it enhances the communication and understanding 
among various decision-making groups, which leads to a relatively great commitment on 
the selected alternative (Harker and Vargas 1987). ANP is the generalization of AHP to 
solve problems that cannot be organized into hierarchies. In this study, we use AHP and 
ANP to formulate the benefits, costs and risks of the logistics center to Government, 
Investors and Users. 
AHP and ANP are not sufficient for the design problem, because we have to 
resolve the conflicting results of several models. It is necessary to introduce a conflict-
resolving solution procedure based on sensitivity analysis. Sensitivity analysis assesses 
that how the change of data input affects the result. Thus we can adjust some model 
parameters purposely, and change the results of AHP and ANP models in desired 
direction. There are two popular forms of sensitivity analysis: the one-factor-at-one-time 
17 
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approach and the scenario analysis (Groenendaal and Kleijnen 1997). The first approach 
is more suited in our problem, because it is relatively easy to be interpreted and 
understood while the scenario analysis may require too many data inputs. 
For the sensitivity analysis in AHP, Masuda (1990) studied the effect that changes 
on entire vectors of the decision matrix may have on the ranking of alternatives. 
However, he did not provide a systematic procedure of performing sensitivity analysis 
on individual elements in the problem. Expert Choice (1998), which is a decision-aiding 
software package, offers options to examine the sensitivity of individual elements. 
However, the result is shown graphically instead of in accurate measures. Moreover, the 
software does not allow performing sensitivity analysis on the performance measures of 
alternatives under criterions, which is necessary in our study. Triantaphyllou and 
Sanchez (1997) introduced a sensitivity analysis approach to examine individual 
elements in AHP model. They provided identity equations to calculate the sensitivity of 
the weight of a criterion or of the performance measure of an alternative under certain 
criterion in a three-level hierarchy. In the solution procedure for AHP, we perform 
sensitivity analysis on the performance measures of design alternatives using equations 




3.1 Introduction of AHP 
We use AHP for its following advantages: 
Firstly, AHP is capable of coping with problems having a large number of 
criterions. In a framework of hierarchy, it breaks the problem into manageable parts. 
The overall goal is usually at the top, while the alternatives at the bottom. In an easy 
approach, the relative importance of criterions and the performance measures of 
alternatives are synthesized into priority weights of alternatives with respect to the 
overall goal. 
Secondly, AHP is capable of incorporating attributes of different natures, and even 
tangible and intangible attributes together. Using pairwise comparisons and ratio scale, 
the decision-makers attain relative importance of attributes that cannot be compared 
previously (e.g. taste and smell). 
A typical procedure to solve a problem using AHP includes the following steps 
(Expert Choice 1998): 
1 • Determine the overall goal of the problem; identify the criteria and alternatives. 
2. Organize all the attributes in the form of a hierarchy. Main criterions are under 
the overall goal. We break them into sub-criterions, and continue the modeling 
procedure by adding lower levels of sub-criterions as far down as possible. 
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Then we add the alternatives at the bottom and connect them with the sub-
criterions that influence them. 
3. For each criterion, make pairwise comparisons among the sub-criteria or 
alternatives that it influences. Here, three types of comparisons (importance, 
preference, and likelihood) can be used for different contexts. The relative 
importance of criterions and the performance measures of design alternatives 
are derived from the comparisons. 
4. Synthesize the relative importance and performance measures from the bottom 
to the top by a multiplying and adding approach. The overall priority weights 
are attained finally. 
In this chapter, we discuss the major attributes of benefits, costs，and risks for each 
party. Accordingly, a series of benefit, cost, and risk AHP models are given. 
3.2 AHP Models for Government 
3.2.1 Benefit to Government 
Hong Kong is a major air cargo hub in Asia and the gateway of Mainland China. 
Its transportation sector contributes substantially to the regional economy and 
employment. The logistics center could magnify the contribution in several ways: the 
development and operation of the center itself, the expansion of the air cargo industry, 
and the growth of peripheral industries. 
Moreover, at the age of IT, Hong Kong's strategic position closely relates to its 
capability to transfer into a high-tech service economy. Logistics industry plays a vital 
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role in such transmission. The center encourages the companies to adopt new 
technology and business model by reducing entry costs, sharing risks, and providing e-
commerce standard. 
Finally, Hong Kong Government has incomes from the center, including extra tax 
collections and the charges of issuing licenses or leasing land to Investors. 
Figure 4 shows the AHP model for the benefits to Government. Table 3 gives the 
descriptions of the criteria. 
Table 3. Benefits to Government 
Criteria Description 
Job Creation New job opportunities from the logistics center. 
Economic Growth Overall Economic Growth of Hong Kong. 
Center Center's contribution. 
Air Cargo Industry Contribution by corresponding development of air cargo industry. 
Peripheral Industry Contribution by corresponding development of peripheral 
industries, such as real estate and telecommunication industries. 
High-tech Service Contributes towards Hong Kong's strategic role of being a high-tech 
Economy knowledge-based service economy. 
Revenue Government's revenues that directly come from the center. 
Land Revenue Incomes due to land sale or rental. 
Tax Revenue Tax collected over the revenue of logistics center. 
License Income Payment from selected Investors for the right of building and 
operating the center. 
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3.2.2 Cost to Government 
The Government is initiating the third-party e-commerce logistics center via the 
airport authority. It has the responsibility to guarantee the center's neutral position and 
to safeguard the interests of Investors, Users, and taxpayers. Regulating and monitoring 
the process from selecting Investors to center operation incurs a substantial cost. In 
addition, Government might have the cost to provide land subsidy, public transportation 
and telecommunication systems for the logistics center. 
The Government should also take into account a contingency cost. The 
contingency cost includes two parts: the cost to prevent the center from any contingency, 
and the cost to recover the damage when a contingency happens. A contingency plan is 
especially important, when the center consists of innovative and sophisticated systems, 
the technical specifications of which are difficult to meet. 
The opportunity cost is an important cost item as well. The center will consume 
plenty of financial, land and human resources, while the Government always has a tight 
fiscal constraint. Another concern of the Government is the center's impact on 
environment. 
The Figure 5 shows the AHP model for the costs to Government. The Table 4 
gives the descriptions of the criteria. 
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Table 4. Costs to Government 
Criteria Description 
Contingency Cost Cost in the provision of contingency measures. 
Initiating & Monitoring Expenses in initiating the center and monitoring its construction 
Cost and operation. 
Land Subsidy Subsidy in the sale or rental of land to Investors. 
Public Infrastructure Construction of supporting public infrastructures, such as 
transportation system and telecommunication network. 
Investors Selection Cost of selecting Investors and examining center designs. 
Center Development ^ �t of monitoring the construction and further development of 
the center. 
Center Operation Cost of monitoring the regular operation of the center. 
Environmental Cost Noise, pollution, etc. 
Opportunity Cost Opportunity lost for alternative usage of the resources (land and 
y people) 
3.2.3 Risk to Government 
Because of the importance of the center to Hong Kong, the Government must 
consider the risk that the logistic center fails. Possible causes of center failure include 
the negative trend of the macro economy, the fierce competition with regional and 
international competitors, and the damages caused by contingency, etc. 
The Government might fail to provide proper regulation to the center. 
Overregulating hinders the development and operation of the logistics center while 
unfair regulation interferes the normal order in selecting the Investors and the design. 
The Government has a third risk that it commits too much in the arrangement with 
the Investors and Users. It not only brings the taxpayers' interests to stake, but also 
induces Investors and Users to take risky and irresponsible actions. 
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Figure 6 shows the AHP model according to the risks of Government. Table 5 
gives the descriptions of the criteria. 
Table 5. Risks to Government 
Criteria Description 
Center Failure Risk of project failing. 
Macro Economics ^^  „ , , , . . 
Risk Downturn of global or regional economies. 
Competition Risk due to competition. 
Contingency Risk of unsuccessful contingency measures. 
Market Interference Government interference in the free market. 
Inappropriate Regulation Risk of not providing proper regulation. 
Unfair regulations Neutrality 
Over-regulations Over-regulating brings difficulty to the running of center, while 
inadequate regulating is open to abuses. 
Risk of Contractual Contractual commitments may bring unnecessary fiscal burden to 
Commitment the Government and taxpayers. 
3.3 AHP Models for Investors 
3.3.1 Benefit to Investors 
The Investor can expect satisfying returns from the tangible revenues of the center. 
The revenues include the rental fees paid by the Users for using information services and 
leasing facilities, and the incomes of issuing licenses to the Users. 
Besides, the center leads the Investors into the business of logistics and B2B e-
commerce, both of which develop very fast and have great potentials. The logistics 
center, with its information infrastructure as an e-commerce platform, has an opportunity 
to develop into a regional e-marketplace, which could be connected to similar networks 
worldwide. The e-commerce platform traces the information of all kinds of market 
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activities, which is precious resource after data mining. Moreover, the Investors will 
become an important party in Hong Kong logistics industry, once the center comes into 
operation. Their logistics business has a good chance to extend to Mainland China and 
the other parts of Asia, because of the tight corporation and connection between logistics 
networks in this region. 
Figure 7 shows the AHP model according to the benefits of investors. Table 6 lists 
the descriptions of the criteria in the model. 
Table 6. Benefits to Investors 
Criteria Description 
Revenue Investors' incomes from the center. 
- Information Service „ . _ . . „ . . ^ 
Income Revenues of offering information infrastructures to Users. 
income Revenues of leasing physical facilities to Users. 
- License Income License income from Users. 
Potential in Logistics Business potential in logistics from the center. 
- Hong Kong Logistics Opportunities in the Hong Kong logistics industry. 
- Asia & China Opportunities in the logistics industry of Mainland and other Asian 
Logistics regions. 
Potential in E-commerce Business potential in e-commerce from the center. 
- Partnership Partnerships with Users and operators of other e-commerce platforms. 
- E-commerce _ . • … , 
Database Business potential from data mining of logistics-related information. 
- E-Logistics Network Business potential from developing the center's information 
infrastructure into a vertical e-logistics network. 
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3.3.2 Cost to Investors 
The preparation process is always costly. The Investors needs to bid for the license 
issued by the Government. They will have plenty of negotiations and arrangements with 
different parties. 
It is also necessary for the Investors to acquire a piece of land, which is very 
expensive in Hong Kong. The establishment of information infrastructure, physical 
infrastructure and supporting infrastructure consumes a vast amount of capital 
investment. Financing cost can be substantial in such a large project. 
Moreover, the accumulation of operating cost can be huge during the life-period of 
the logistics center. Operating cost includes direct and indirect costs. The opportunity 
cost of the resources spend on the logistics center is another cost item. 
Figure 8 shows the AHP model according to the costs of investors. Table 7 gives 
the descriptions of the criteria. 
Table 7. Costs to Investors 
Criteria Description 
Preparation Cost Investors' costs in the preparation phase. 
- License Fee Fees to Government for permission to construct and operate the 
center. 
- Transaction Cost Costs of designing, bidding, negotiating etc. 
Development Cost Investors' costs in the development of the center. 
- Land Rental or purchase cost of land. 
- Information Cost of establishing information infrastructures offered to 
Infrastructure Users, including hardware and software. 
- Physical 
Infrastructure Cost of building the physical infrastructures offered to Users. 
- Supporting Cost of other necessary infrastructures, such as management 
Infrastructure information system for internal use. 
- Financing Cost Cost of financing the investment. 
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Operating Cost Operating costs of the center. 
Indirect Cost Overheads and other indirect costs. 
Direct Cost Direct operating cost of the center. 
Opportunity Cost Opportunity lost for alternative usage of the resources. 
3.3.3 Risk to Investors 
A major risk of Investors is that the center cannot provide satisfying return over the 
large investments. The third-party logistics center is based on new information 
technology, which consists of many uncertain attributes. It is still to be explored that 
what kind of e-commerce services is appropriate and profitable while the competition at 
IT front is already very fierce. The center's e-commerce services must satisfy the Users, 
because a sensitive attribute to the center's success is the acceptance of Users. Only 
when a large number of Users adopt the logistics center, Investors can enjoy the center's 
advantages such as economic scale and information availability. Users' satisfaction also 
relates to attributes such as the quality and reliability of services and the pricing level. 
During the development stage, there are some common risks, for example, cost 
exceeds the budget, or contractor is unable to fulfill the technical specifications of 
design. Slow growth of Pearl River Delta, which is the manufacturing hinterland of 
Hong Kong, or downturn of the global economy would change the optimistic market 
environment for the logistics center. In addition, Hong Kong's logistics industry is 
under competition from Shanghai, Singapore, South Korea, etc. 
Figure 9 shows the AHP model according to the Risks to Investors. Table 8 gives 
the descriptions of the criteria. 
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Table 8. Risks to Investors 
Criteria Description 
Macro Economic Risk Global and regional macro economic risk. 
- Slow Growth to , » • , . ^ , , 
Hinterland economic downturn in Pearl River Delta. 
- Global Economic , r- i i , . , 
Downturn global economic downturn. 
Construction Risk Risks incurred in the construction process. 
- Cost Overrun Construction cost exceeds budget. 
- Fail to Meet ^ 
Specifications Failure to meet the designed technical specifications. 
Competition Competition in logistics business is fierce. 
- Asia & Mainland Competition from major competitors such as Guangzhou and 
Cities Shanghai. 
- Local Competition Competition from similar projects in Hong Kong. 
Users Satisfaction Users' satisfaction level with the center. 
IT & E-commerce Risk 丁he uncertainty as well as attractiveness of IT & E-
commerce. 
- IT & E-commerce „ „ , , , . , „ _ 
Level Whether the designed IT & E-commerce level is desirable. 
- E-commerce 广 . . „ . ^ 
Competition Competition for e-commerce is fierce. 
- Quality & Reliability Quality & reliability of services offered by the center. 
- Pricing Risk of inappropriate pricing. 
Regulation Risk Risks of regulatory problems. 
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3.4 AHP Models for Users 
3.4.1 Benefit to Users 
The primary Users of the center are logistics agents, including forwarders, ground 
carriers, warehouse operators, customs brokers, terminal operators, airlines, etc. The 
third-party center removes the barriers between various agents and their customers, and 
enables the effective planning and control of the whole process. Unnecessary 
intermediaries as well as waiting time are avoidable with the improved integration and 
consolidation of various jobs. In turn, inventory level remains at a sound level, and 
delivery becomes fast and reliable. The whole logistics processes are streamlined and 
seamless. 
The logistics center can also improve the quality of services that the logistics agents 
provide. The tracking and tracing of shipment status helps the Users control the process 
and response to problems as soon as possible. Using third-party IT and physical 
infrastructures, the Users attain great flexibility in redefining the scope and scale of their 
services as well as in selecting their partners. They can focus on their core competencies, 
and provide customized and value-added services that become available with 
innovations in logistics process. 
Moreover, the center makes the Users attain the technology edge such as scalability, 
security, accessibility and user friendliness. Because of continuously increased 
importance of IT, these edges become major competitiveness of logistics agents. 
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Figure 10 shows the AHP Model according to the benefits of logistics agents. And 
table 9 gives the descriptions of the criteria. 
Table 9. Benefits to Users 
Criteria Description 
Effective Planning and . . . . 
Control Efficiency of logistics operations 
- I n v e n t o r y Control Able to develop effective inventory planning for client 
companies. 
- Eliminate 
unnecessary Efficient information avoids unnecessary intermediaries, 
intermediaries 
- Minimize waiting Use the integrated information system to forecast and plan 
time their work, thus reducing waiting time at interfaces. 
- Integration & Allow effective coordination of integration and consolidation 
Consolidation of shipments. 
Improved Service Quality Quality of services is improved. 
- Tr3-clc 3.n.d '�'race 
Accuracy Accuracy in monitoring shipments and logistics services. 
- Responsiveness to Minimize human errors, damage and theft, and can identify 
Problems problems and prescribe solutions quickly. 
- Mass Flexibility in customizing processes to meet customers' 
Customization different requirements at low cost. 
- Capacity , 
Flexibility Virtual partnerships create more options to deliver goods. 
Technology Edge Help Users establish their high-tech capability. 
_ Security Users，information will be protected by the technology of 
authentication, authority, and audit. 
- Accessibility Easy accessibility. 
- User Friendship Ease of use. 
- Scalability System upgrading is economical.. 
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3.4.2 Cost to Users 
The costs of the Users include two parts: start-up cost and usage cost. To start 
using the center, the Users need to acquire a license as well as corresponding devices 
that connect their internal systems with the electronic network of the logistics center. 
They have a cost to make their staff ready for the new devices and processes by training 
or new employment. 
The primary part of the usage cost is the Users' payment for using the center's 
information services and leasing the logistics facilities. Their internal operations also 
incur certain costs such as technical support. Figure 11 shows the AHP model according 
to logistics agents' costs and table 10 gives the descriptions of the criteria. 
Table 10. Costs to Users 
Criteria Description 
Startup Cost Users' costs to start using the center. 
- Interface devices Investments on compatible mechanisms to use the center. 
- Human Resource Recruiting and training of new staff. 
- License Fee Payment to Investors for use of the center. 
Usage Cost Users' costs to use the center's infrastructures. 
- Information Service ^ , . ^ 
Charge Payment to use the information infrastructure of center 
- Facility Leasing Fee Payment to use the physical facilities of center. 
- Operating Cost Additional operating cost related to the using the center's 
facilities. 
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3.4.3 Risk to Users 
Some major risks of the Users are from the center. The Users have to process lots 
of their business information via the third-party information infrastructure. Their 
interests are at stake, if the information is accessible to improper entities because of the 
system faults or other reasons. The IT and e-commerce at this stage is quite uncertain, 
while it seems attractive to the Users. In addition, it is possible for the center to become 
a central market for air cargo shipments. The neutrality of the center must be guaranteed, 
for it is the basis for the cooperation between Users and Investors. It is also risky for the 
Users if the Investors adopt unfair pricing policy after the center attains a critical 
position. 
Some risks are from the Users themselves. The center might take way established 
competitive edges from some logistics agents and change the competitive structure. The 
legacy systems of the Users may not be compatible with the center. In addition，it is 
quite common for the employees of the Users to be reluctant to new technologies and 
new processes. 
Figure 12 shows the AHP model according to logistics agents' risks. Table 11 
gives the descriptions of the criteria. 
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Table 11. Risks to Users 
Criteria Description 
Center Management Users' risks from the center. 
- E-commerce Uncertainty regarding e-commerce. 
- Security Security of information processing at the center 
- Pricing Uncertainty on the future pricing policy of the center. 
- Neutrality Uncertainty on the center's neutrality. 
User Management Users' risks from themselves. 
- Compatibility Incompatibility in integrating with the center's management 
as well as infrastructure. 
- New Competition , , . • . • 
Structure center changes the competition scenarios. 
- Resistance to Change Resistance by employees of Users. 
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CHAPTER 4 
RISK SHARING IN CENTER DESIGN 
—USING AHP MODEL 
AHP models to evaluate the benefits, costs, and risks to various parties are provided 
in Chapter 3. How to use these models to determine an agreeable design is not discussed 
yet. In Chapter 4, we discuss the methodologies to organize the results of the benefit, 
cost, and risk models into the overall priority weights of design alternatives. Then, a 
solution procedure is introduced to converge the conflicting choices of the Government, 
Investors, and Users. Finally, a numerical example is given for illustration. 
4.1 Solution Methodology of Aggregating Benefit, Cost and Risk in AHP 
A commonly used methodology of ranking alternatives based on benefit-cost-risk is 
to determine the (benefits)/[(costs) X (risks)] ratio. The values of benefits, costs, and 
risks are the corresponding priority weights from solving individual benefit, cost, and 
risk models. This method has two implicit assumptions. Firstly, it assumes that the 
criteria of benefit, cost, and risk are equally weighted. Secondly, the alternatives are 
relatively close in terms of scale, because the ratio does not take into account the impact 
of scale. 
These assumptions are not realistic in our problem. The relative importance of 
benefit, cost, and risk is variable according to different situations. For example, when 
the budget intensifies, the Investors may give a high preference to the costs of logistics 
center. They will reduce the relative importance of costs, if financial resources are 
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sufficient and the benefits of logistics center obviously overwhelm its costs. The scale 
of the center is an important feature of alternatives as well. The (benefits)/[(costs) X 
(risks)] ratio can be misleading for it selects the center design with high return rate even 
if another design generates much more total benefits. 
Alternatively, we construct an aggregated benefit-cost-risk model for every party. 
Benefits, costs, and risks are three primary criteria under the overall goal. They have 
their original models as their sub-hierarchies. The relative importance of benefits, costs, 
and risks is attainable by asking questions like "With respect to the overall goal of 
Government, what is the relative importance between the benefits and the costs in 
designing the center?" 
The aggregated models provide design priorities based on distributive benefits, 
costs, and risks, while the (benefits)/[(costs) X (risks)] ratio is a multiplicative measure. 
The two methodologies might give different priorities of design alternatives, and even 
reversed rankings. The ratio prefers a design that has balanced performance in benefit, 
cost, and risk considerations. An extremely low performance for any of the three 
individual models will make the design infeasible. The aggregated model has limited 
the impact of such low performance to its global importance. In our problem, the 
performance of the design in benefits, costs and risks are complemental to each other 
and are not necessarily balanced. 
Moreover, we need to revise the questions for determining the relative importance 
of sub-attributes of costs and risks. It is because in the pairwise comparison system, the 
two attributes must have some exchangeable utilities. For example, we cannot compare 
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Good Taste and To Get Mad Cow Disease in the evaluation of a Hamburg, because 
nobody would like to scarify the good taste in order to get the disease. Only if we adjust 
the second attribute into To Avoid the Disease, which makes people comfortable like 
Good Taste does, the comparison becomes meaningful. In the aggregated benefit-cost-
risk model, the relative importance or performance measures of the sub-attributes of 
costs and risks are to be synthesized with those of benefits. We compare the sub-
attributes of costs and risks according to their relative importance of positive 
contribution using revised questions. 
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Figure 13. Aggregated Benefit-Cost-Risk AHP Model 
4.2 Aspects in Determining an Agreeable Solution 
As mentioned before, plenty of tangible and intangible criterions are involved in 
evaluating the benefits, costs, and risks of the logistics center. AHP is a powerful tool in 
solving such multi-criterion problems. However, our problem has another characteristic 
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that few literatures about AHP addressed. There are three aggregated benefit-cost-risk 
models, representing the interests of the Government, Investors, and Users. The selected 
design must attain satisfying priority for every party, because the commitment of all 
three parties is the precondition of the center's success. It is possible that the different 
models give conflicting results. We need to find out how to converge their choices and 
to identify a design that satisfies every party. 
Four scenarios are possible according to the results of different AHP models: 
1. An agreeable solution is found immediately after the three parties make their 
individual judgments. An agreeable solution is a design that attains the highest 
priority for every party. 
2. There is no immediate agreeable solution but such a solution can be obtained if 
we modify a design acceptably. The acceptable range of modification is 
determined by the decision-makers. 
3. There is no immediate agreeable solution but an acceptable solution, which 
attains satisfying priority weights or is very close to the top choice for every 
party, can be obtained immediately or after acceptable modifications on center 
designs. 
4. No agreeable or acceptable solution exists. 
When there is no immediate agreeable solution, sensitivity analysis is helpful in 
identifying the performance measures that are critical in determining the priorities of 
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design alternatives for individual parties, as well as examining the risk sharing between 
different parties. Details of sensitivity analysis are discussed in Section 4.3. 
Based on the sensitivity analysis, we introduce a conflict-resolving solution 
procedure in Section 4.4 to examine whether the conflicting choices of three parties can 
converge. We look for an agreeable solution, while some acceptable solutions may 
emerge during the procedure. 
If the fourth scenario is the case, the solution procedure stops without any 
acceptable or agreeable solution. It offers insights of the problem as well as 
understandings among various groups of decision-makers. We can introduce additional 
center designs that are likely to be acceptable to all. 
4.3 Sensitivity Analysis in AHP 
Triantaphyllou and Sanchez (1997) proposed a sensitivity analysis approach in 
AHP. They discussed that there are two kinds of elements - the weight of criteria and 
the performance measure of alternative - in an AHP model. By adjusting the value of an 
element, it is possible to change the rankings of alternatives. The sensitivity of one 
element is determined by its smallest relative change to give a potential agreeable 
solution the highest priority. 
The purpose of sensitivity analysis in this study is to converge the choices of 
various parties by modifying a potential agreeable solution. The modification of design 
affects only the performance measures of design alternatives. Hence, we perform 
sensitivity analysis on the performance measures one by one. Identical equations to 
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calculate the sensitivity of performance measures can be derived from the equation 
given by Triantaphyllou and Sanchez (1997) for three-level hierarchies. For example, 
the abridged benefit-cost-risk models in our illustrative example will be of four levels -
the goal, the first-level criteria, the second-level criteria and the alternatives. 1 i,jm,n is 
the smallest relative reduction on the performance measure of Design M under criteria J, 
which is a sub-criteria of first-level criteria I，to make the priority of Design M higher 
than that of Design N. The absolute value of 1 i,jm,n is smaller, the corresponding 
performance measure is more sensitive. We use the following identity equation to 
calculate 1 ijm,n 
y = Pm-PN ,100% 
Pm-Pn + C|C|, J (a, J N - ai, J’M +1) a,�m 
Y 1,JM,N is feasible only if it is less than 100%. Pm and Pn are the priority weights of 
Alternatives M and N. C： is the weight of first-level criteria I, C^ is the weight of sub-
criteria J under criteria I, and a^ M and a^ N^ is the performance measure of alternative M 
and N under sub-criteria J. 
Once identifying the sensitive performance measures, we make acceptable 
modifications on the potential agreeable solution to achieve the necessary improvements 
of its performance measures, which in turn make it the top choice. The modifications of 
the potential agreeable solution may also affect its performance measures to other parties. 
Hence, we perform sensitivity analysis on the related performance measures. It is 
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necessary to ensure that the potential agreeable solution remains desirable to every party 
after the modification. If there are negative impacts on some sensitive performance 
measures of the design, the modification is unacceptable. 
We note that sensitivity analysis on various models might be inconsistent because 
our analysis is based on individual models. The variable structures of the models affect 
the importance of their individual attribute to the overall ranking. In such consideration, 
the number of levels and those of the criterions at each level are important factors. 
When there are a large number of levels and criterions, the rankings are reluctant to 
change. 
However, such inconsistency will not cause a major problem for the following 
reasons. First, there is no common measure of sensitivity of attributes for the three 
parties, because their tolerances of changes are different. Second, there is only a fuzzy 
relationship between the extent of design modification and the change of performance 
measures, although the former is derived from the latter. Hence, an approximate 
acceptable range for changes is enough in our sensitivity analysis. We can examine 
whether the ranking changes as expected after corresponding parties re-evaluates the 
modified alternatives. 
4.4 A Conflict-Resolving Solution Procedure for AHP 
Figure 14 shows the primary procedure to determine the agreeable solution. 
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Step 1. Retrieve the priority weights of design alternatives from the aggregated 
benefit-cost-risk models. If one design attains the top ranking for every party, it is the 
agreeable solution. 
Step 2. If different parties have different top choices, a center design is selected as 
the potential agreeable solution. 
Step 3. Select a party that does not give the potential solution the highest priority. 
Step 4. Perform sensitivity analysis on performance measures of the potential 
solution. 
Step 5. Select the most sensitive performance measure that gives potential solution 
the top ranking. If the necessary change of the performance measure exceeds the 
acceptable range, go to Step 9. If the change is acceptable, go to step 6. 
Step 6. Analyze what are the possible modifications that can improve the 
performance measure by necessary scale. Then we have the corresponding party to re-
evaluate the set of modified alternatives. This step should be repeated until the potential 
solution becomes the top choice for the corresponding party, or it is found there is no 
such feasible modification and we have to go back to step 5. 
Step 7. Analyze the relationships of the modification with the performance 
measures of the design under other criterions of the same party or other parties. If the 
modification makes the potential solution undesirable to any party, go back to step 5. If 
the modification is acceptable, go to Step 8. 
Step 8. The potential solution is agreeable to the party. If the design is already 
agreeable to every party, it is an agreeable solution. Otherwise, go back to step 3. 
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Step 9. The potential solution is not agreeable to the party. If there are still 
unexamined designs, go back to step 2. If it is found that all designs are not agreeable 
solutions, there is no agreeable solution for the problem. 
The solution procedure organizes the results of multiple aggregated models into the 
four possible scenarios systematically, and shows that how the conflicting choices of 
Government, Investors, and Users converge by modifying design alternative. We apply 
simple rules to certain steps in order to improve the efficiency of the procedure. 
At Step 2, we select a design as the potential agreeable solution if it has a relatively 
high geometric mean of its scores for the parties that do not give it the top ranking. A 
high value of the geometric mean implies that there are no extremely low scores, which 
will make the design infeasible. 
At Step 3, we examine at first the party that is unlikely to agree with the design, to 
exclude any infeasible design as soon as possible. A party is selected if the relative 
difference between its score of the potential agreeable solution and that of the top choice 
is large. 
At Step 6, the corresponding party only needs to compare the attributes affected by 
the modification instead of the whole AHP model. 
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4.5 An Illustrative Numerical Example in AHP 
In this section, we introduce an illustrative example to show how the choices of 
different parties can converge using the conflict-resolving solution procedure. There are 
three design alternatives in the example (Table 12). We contrive paired comparisons 
according to the aggregated benefit-cost-risk models. 
Table 12. Features of Design Alternatives in Illustrative Example 
Design Information Physical Ownership 
Alternative Infrastructure Infrastructure Arrangement 
New information system Existing warehouses with 
Design A for daily management new equipments meeting Private, 
and customs clearing. current industry standard. 
Sophisticated electronic , , , ^ , , . 
Design B networks with built-in e- Highly automated and Pubhc-pnvate  
commerce applications. w e l l - c o �c t e d facilities. venture. 
User-friendly, accessible . , , . . Government-
Design C and compatible B2B e- ^m^ted logistics owned with 
, l a c i h t i e s . management commerce platform. ^ 
contract. 
T h e p r o b l e m is s o l v e d b y t h e f o l l o w i n g i t e r a t i o n s ( F i g u r e 15): 
O r i g i n a l R e s u l t . G o v e r n m e n t , I n v e s t o r s a n d U s e r s g i v e t h e s c o r e s o f d i f f e r e n t 
d e s i g n s a c c o r d i n g lo t h e i r a g g r e g a t e d b c n c f i t - c o s t - r i s k m o d e l ( T a b l e 13). D e s i g n B is 
t he t o p c h o i c e fo r G o v c m m c n l , D e s i g n C for I n v e s t o r s , D e s i g n A f o r U s e r s . 
T a b i c 13. O r i g i n a l R e s u l t o f A H P I l l u s t r a t i v e E x a m p l e 
Weights Rankings Design A Design 13 Design C 
Govcmmcnl 0.251 3 0 . 3 7 8 / 1 0.372 / 2 
Investors 0.240 3 0.358 2 0.404 I 
User 0.343 1 0.340 2 0.317 
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Iteration 1. Design B is examined at first. The Investors are unlikely to agree with 
it. We perform sensitivity analysis on performance measures of Design B according to 
the Investors' abridged model. The result shows that the most sensitive performance 
measure is under the criterion of Potential in E-commerce. It requires a 40.5% increase 
to make Design B the top choice. Since Design B has already included high standard e-
commerce measures, it is infeasible to improve its potential in e-commerce by such an 
extent. The next most sensitive performance measure is that of Design B under Revenue, 
which requires a 170% increase. Hence, Design B is not acceptable to Investors. 
Iteration 2. We continue to examine whether Design C is an agreeable solution. 
The Users are unlikely to agree with it. Sensitivity analysis shows that the performance 
measure of Design C under Effective Planning & Control is the most sensitive one. 
Increased by 38.3%, it catches up with that of Design B under the same criterion, and 
gives Design C the top ranking. We introduce a sophisticated information infrastructure, 
which is similar to that of Design B. We note that the risks of e-commerce and 
information security may increase, which reduces the performance of Design C under 
Center Management. However, the negative impact is unimportant because the 
corresponding performance measure is not sensitive. Design C is agreeable to the Users. 
Iteration 3. For the Government, the performance measure of Design C under 
Service Economy is very sensitive, which requires a 6.0% increase. Because the 
modifications in Iteration 2 has already brought such change and proved feasible, Design 
C is agreeable to the Government as well. 
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Design A attains very low priority weights for Government. The necessary change 
for its most sensitive performance measure is 595%, which is not acceptable. 
Hence, Design C with high e-commerce measures is an agreeable solution to the 
Government, Investors, and Users. 
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5.1 Introduction of ANP 
AHP organizes the various criterions and alternatives of a problem into a hierarchy. 
To be solved by AHP, the problem can only have top-down relationships between its 
attributes at different levels, or even if other relationships exist, the decision-makers can 
take into account their impacts on the weights of corresponding attributes implicitly. A 
large number of problems fit in the requirement. 
However, when the decision-makers are not able to formulate the problem in a 
hierarchy, ANP (Saaty 1996) must be used. ANP is the generalization of AHP. It 
replaces the hierarchy with a network, which is relatively flexible in representing various 
kinds of relationships. The criterions and alternatives are grouped into different clusters. 
The relationship between attributes in one cluster is called innerdependency; that 
between attributes of different clusters is called interdependency. 
A typical procedure to solve a problem using ANP includes the following steps 
(Saaty 1996): 
1. Construct a control hierarchy or network, which organizes the over-riding 
criteria and sub-criteria in the ANP model. The priorities of control criterions 
are derived from pairwise comparison with respect to the overall goal. 
2. For each control criterion, determine the clusters of the lower level system and 
their elements. If the lower level system is a sub-hierarchy, the control criterion 
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may be regarded as its goal. Otherwise, the control criterion is not directly 
connected to the lower level system, but it induces the comparisons in the 
structure. 
3. Organize the clusters and their elements in a convenient way. Determine the 
approach in the following analysis: whether a cluster (element) is influence by 
other clusters (elements), or influencing other clusters (elements). The 
approach must be consistent in the whole ANP model. 
4. For each control criterion, identify the innerdependencies and interdependencies 
in its sub-hierarchy or sub-network. 
5. According to the dependencies, perform pairwise comparisons between the 
clusters and their elements. The derived weights of clusters with respect to 
each cluster that is influenced by them or influencing them, are used to weight 
the elements in the corresponding column blocks of the supermatrix. If there is 
no influence between two clusters, zero is assigned. 
6. For each control criterion, construct the supermatrix that lays out the elements 
in each cluster both vertically and horizontally. Enter the according priorities of 
elements in the column blocks. 
7. Include the alternatives into the supermatrix if they influence other clusters. 
Otherwise, they can be kept out of the supermatrix. 
8. Compute the limiting priorities of the supermatrixes. The weights of 
alternatives are attained directly if they are in the supermatrix. Otherwise, we 
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compare them according to the elements that influence them. Their weights are 
derived from their performance measures under the elements and the limiting 
priorities of the according elements. 
9. Synthesize the priority weights of alternatives by multiplying their weights for 
each supermatrix by the priority of the corresponding control criterion in the 
control hierarchy or network. 
In the following sections, we construct ANP models for the benefits, costs, and 
risks to each party. These models are based on the preceding AHP models. 
Innerdependencies in some models are identified, and influence the priorities of design 
alternatives. 
5.2 ANP Models for Government 
5.2.1. Benefit to Government 
In the era of IT and e-commerce, Hong Kong's capability to be a high-tech 
knowledge-based service economy determines its potential of regional economy and 
employment in a long run. In turn, the growth of economy and new employment will 
stimulate the tax and other revenue of Government from the center. Government's 
revenues may become the resources that could be used for the goals of economy growth, 
employment, and innovation. Hence, there are inner-dependencies between Job 
Creation, Economic Growth, High-tech Service Economy and Revenue. Figure 16 
shows the ANP model for the benefits to Government, which is a modification of the 
previous AHP model. 
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5.2.2. Cost to Government 
The AHP model is used, since no modification is needed. 
5.2.3. Risk to Government 
The criterions of Market Interference and Inappropriate Regulation are interrelated. 
Both of them are possible causes of Center Failure. Improper Contractual Commitment 
may induce irresponsible judgment and actions of Investors and Users, which also 
increases the likelihood of the center to fail. 
In addition, the competition extent of the market relates closely to the status of 
macro economy. There are innerdependencies between the sub-criterions of center 
failure. Figure 17 shows the ANP model according to the risks of Government. 
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5.3 ANP Models for Investors 
5.3.1 Benefit to Investors 
Today, efficiency in logistics activities is recognized as a vital component in the 
success of e-commerce, while logistics industry cannot survive without e-commerce and 
IT capability. The potentials of e-commerce and logistics are closely interrelated. With 
gradual realization of the potentials, the revenues of Investors to provide information 
services and facility leasing will also increase. Figure 18 is the ANP model for benefits 
to Investors. 
5.3.2 Cost to Investors 
The AHP model is used, since no modification is needed. 
5.3.3 Risk to Investors 
The AHP model is used, since no modification is needed. 
5.4 ANP Models for Users 
5.4.1 Benefit to Users 
The Edge on information technology provides great potentials for logistics agents to 
improve their planning and control as well as the quality of their services. Effective 
planning and control is the basis of high quality of service. Meanwhile, value-added 
services, such as track and trace, provide valuable information as well as flexibility for 
the planning and control of Users. Innerdependencies are identified in the clusters of 
Effective Planning and Control, Improved Service Quality and Technology Edge. 
Figure 19 shows the ANP model for the Benefits to Users. 
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5.4.2 Cost to Users 
The AHP model is used, since no modification is needed. 
5.4.3 Risk to Users 
Users will process plenty of business information via the electronic network of the 
logistics center. Their interests are at stake if their competitors and other companies 
could access the confidential information. The possible faults in IT and business model 
the center adopt are potential dangers to the security of information. Whether the center 
would remain its neutral position and not disclose the information purposely is also 
plausible. In addition, the level of IT and e-commerce and the neutrality position also 
affects the pricing policy of the center. Innerdependencies exist in the sub-cluster of 
Center Management. 
Considering the center may become a central market of Hong Kong air cargo 
shipments, the agents that are compatible and ready to connect e-logistics network can 
attain a positive position in competition structure. The risks of the center not compatible 
with Users' legacy systems, and losing current interests in the new competition structure 
can be excuses of Users' employees to refuse change. 
Figure 20 shows the ANP model for the risks to Users. 
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CHAPTER 6 
RISK SHARING IN CENTER DESIGN 
—USING ANP MODEL 
An aggregated benefit-cost-risk ANP model is used to organize the results of benefit, 
cost, and risk ANP models into overall priority weights of design alternatives. We apply 
the sensitivity analysis approach of AHP to our ANP models, considering the ANP 
models are the modifications of preceding AHP models. An alternative sensitivity 
analysis approach for general ANP models is discussed as well. Then we introduce a 
conflict-resolving solution procedure based on the original one. In the illustrative 
numerical example, the design alternatives of the AHP example are used. Additional 
judgments on the innerdependencies are combined with the preceding judgments to 
derive the new priority weights of design alternatives. 
6.1 Aggregated Benefit-Cost-Risk ANP Model 
Like it is in AHP, the (benefits)/[(costs) X (risks)] ratio is frequently used to 
aggregate the benefits, costs, and risks in ANP (Saaty 1996). We can have three control 
hierarchies according to benefits, costs and risks, and develop their individual ANP 
models. The ratios of design alternatives are based on the results of the models. 
However, this method has limitations that we have discussed in Section 4.1. 
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W e use an aggregated benefi t -cost-r isk A N P model in our problem (Figure 21). 
Under the overall goal of a party, benef i t , cost, and risk are three pr imary criterions. The 
cor responding A N P or A H P mode l s arc inserted as sub-hierarchies or sub-networks . 
The at tr ibutes in the lower sys tems of cost and risk are compared according lo their 
relative posit ive conlr ibut ions using revised quest ions , so thai \ \ c can aggregate the 
cor responding pre tore nccs or pe r fo rmance measures with those of benefi ts . 
6.2 Sensit ivity Analys is of A N P Model in an A H P Fashion 
In I he sensitivity analysis , u c examine ihc pc r ro rmance measures of design 
al ternatives under individual cri lcrions one by one. Oncc ident ifying the sensit ive 
per formance measures , \vc improve ihcm by modi tying the design alternatives. If a 
design attains sat isfying priorities for c\cr> party u i i h acccplahlc modit ical ions, it is a 
solution of our design problem. 
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However, the computation of sensitivities is quite complex because there is a step of 
raising the supermatrix to limiting matrix. The ANP models in our problem are the 
modifications of AHP models, because there is only innerdependency in some clusters. 
The alternatives do not have innerdependencies between them as well as influences on 
other clusters and their criterions. We can keep them out of the supermatrix. Individual 
supermatrixes are constructed for the clusters with innerdependencies and attain the 
limiting priorities of their sub-criterions. The limiting priorities can be considered as the 
local weights of the sub-criterions. The ANP models are now in the form of AHP. 
Considering the sensitivity analysis in AHP is relatively simple, we perform sensitivity 
analysis for our ANP models in the fashion of AHP. 
6.3 Sensitivity Analysis of General ANP Model 
The previous discussions of sensitivity analysis in ANP are based on the assumption 
that the alternatives can be kept out of the supermatrix. In ANP, it is possible that the 
cluster of design alternatives has innerdependencies, or it influences other clusters and 
their sub-criterions. The modifications on design alternatives affect not only the 
corresponding performance measures, but also the preferences of decision-makers 
among different criterions. 
If this is the case, the sensitivity analysis approach derived from that of AHP is not 
applicable for there are two major differences: 
1. Besides the performance measures, the weight of criterions are also alterable. 
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2. The alternatives have to be included in the supermatrix. The limiting priorities 
of criterions can no longer be regarded as their weights in the AHP fashion. 
Accordingly, we need to perform sensitivity analysis on the performance measure of 
alternative as well as the weight of criterion. There are different equations to calculate 
the priorities of alternatives according to the different characteristics of the supermatrix 
(Saaty 1996). In turn, the equations to compute the sensitivities of individual elements 
in the supermatrix are alterable. Moreover, it is difficult to tell which element is likely 
to be sensitive according their original values in the model. The amount of required 
computation is huge. 
We use a computer simulation to search the sensitive elements in the supermatrix 
of ANP models. The simulation gradually adjusts the value of one element -
performance measure and criterion weight - until the potential agreeable solution attains 
the highest ranking or the change of element exceeds acceptable ranges. 
6.4 A Conflict-Resolving Solution Procedure for ANP 
The conflict-resolving solution procedure leads the decision-makers to the 
agreeable solution. It is based on the procedure discussed in Section 4.4. The difference 
is that several additional steps are introduced to treat the innerdependencies in ANP 
(Figure 22). Here we only describe the additional steps. 
Step 4. Analyze the ANP model and organize its attributes into two groups: the 
attributes not organized in the form of AHP and the attributes organized in the form of 
AHP. 
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Step 5a. Perform sensitivity analysis on the attributes of the former group. If they 
can fit into hierarchies after certain treatments, such as assigning the limiting priorities 
as local weights, we make the treatments and perform a sensitivity analysis in the fashio 
of AHP. Otherwise, we use computer simulation to perform the analysis. 
Step 5b. Perform the sensitivity analysis on the attributes of the latter group using 
the same approach in AHP. 
As we discussed in Section 4.4, simple rules are used several steps in order to 
improve the efficiency of the solution procedure. In Step 5a, if a cluster has 
innerdependencies, we do not examine the weights of its sub-criteria with respect to the 
criteria above the cluster, because the limiting priorities are completely determined by 
the inner-dependencies. Such weights become meaningless. 
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6.5 An Illustrative Numerical Example in ANP 
In this section, we use the previous illustrative numerical example. Pairwise 
comparisons between attributes remain the same, except additional judgments are made 
according to the innerdependencies in ANP. The problem is solved by the following 
iterations (Figure 23): 
Original Result. Government, Investors and Users give their priorities of Designs A, 
B and C (Table 14). Design B is the top choice for the Government and Investors, and 
Design A for the Users. 
Table 14. Original Result of ANP Illustrative Example 
Weights / Rankings Design A Design B Design C 
Government 0.244 / 3 0.393 / 1 0.364 / 2 
Investors 0.259 / 3 0.378 / 1 0.363 / 2 
User 0.360/ 1 0 .316/3 0 .324/2 
Iteration 1. Design C is to be examined at first. In the three parties, the Users are 
most unlikely to agree with it. Sensitivity analysis shows that the performance measure 
of Design C under User Management is the most sensitive. A 32% increase could make 
Design C the top choice. Here we redesign an electronic network that is highly 
compatible with the Users' legacy systems for Design C. Such modification reduces 
Users' risks of compatibility and resistance to change, which are important sub-
criterions of User Management. It has no major negative impacts on the performance of 
Design C for other parties. Design C is agreeable to Users. 
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Iteration 2. For Government, the performance measure of Design C under Service 
Economy is the most sensitive, which requires a 26% increase to make Design C the top 
choice. However, to achieve such improvement, we need to adopt innovative e-
commerce models and latest information technologies for Design C. It reduces the 
performance of Design C under the risks of Center Management, which is quite 
sensitive. The modification is unacceptable. 
Iteration 3. For Government, the performance measure of Design C under 
Economic Growth is the next most sensitive. It requires a 40 % increase. However, the 
performance measure can be increased as much as 30% by enlarging the scale of center 
within an acceptable range. With the 30% improvement, the priority weight of Design C 
for Government is very close to that of the top choice. Its priorities for Investors and 
Users are not obviously affected. Design C is alcceptable to Government. 
Iteration 4. For Investors, the most sensitive performance measure of Design C is 
that under Potential in Logistics, which only requires a 12% increase to give Design C 
the top ranking. Because the modifications in Iteration 3 has already brought such 
improvement, Design C is agreeable to Investors as well. Hence, Design C is an 
acceptable solution. 
Iteration 5. We continue the solution procedure to examine whether Design B is an 
agreeable solution. Users are the only group that has not given Design B the highest 
ranking yet. Sensitivity analysis shows that the performance measure under Center 
Management is the most sensitive. It requires a 28% increase to make Design the top 
choice for Users. Design B is agreeable to all three parties. 
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Design A is the last design to be examined. F or Government, the most sensitive 
performance measure requires a change as large as 162% to reverse the ranks between 
Designs A and B. Moreover, this change gives Design C the top ranking. Design A is 
not a feasible solution. 
Design B is an agreeable solution in the ANP example. With enhanced physical 
infrastructures, Design C is acceptable as well. 
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A third-party e-commerce logistics center can enhance the competencies of Hong 
Kong air cargo industry in the trends of e-commerce and globalization. The 
Government, Investors, and Users play important roles in the development and operation 
of such a center. It is important to select a center design that satisfies all three parties. 
This is a challenging task, considering there are plenty of tangible and intangible 
attributes. 
In this study, we provide a series of AHP and ANP models to evaluate various 
design alternatives. These models identify and organize the major criterions of the 
benefits, costs, and risks to the Government, Investors and Users. They provide 
conceptual frameworks for the decision-makers to attain insights of the design problem, 
as well as to rank the design alternatives with respect to the benefits, costs, and risks to 
corresponding party. The Government, Investors, and Users might prefer different 
design alternatives, while the use of AHP and ANP to examine the risk-sharing problem 
between multiple parties is missing in the literature. Here, we introduce a conflict-
resolving solution procedure based on sensitivity analysis. It examines the risk-sharing 
problem among multiple parties, and leads to an agreeable solution by modifying the 
original center designs within acceptable ranges. 
Today, the importance of logistics intensifies because companies want to take full 
advantages of efficient information flow in e-commerce. A third-party e-logistics center 
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is an innovation in the viewpoints of both technology and business process, and provides 
great potentials in the performance of logistics activities. Such a center can be the third-
party or fourth-party infrastructures for Hong Kong air cargo industry. Similar projects 
are in their different stages of development worldwide. It is possible that the electronic 
networks of these centers are connected, and become a global e-logistics marketplace. 
The key to a successful design of such a center is the proper allocations of benefits, 
costs, and risks among multiple parties involved. Although this study is in the context of 
Hong Kong air cargo industry, we believe it has provided a general solution 
methodology for designing similar e-logistics infrastructures. 
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